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PREFATORY NOTE
i

A series of four public lectures by Dr. E. F. DuBois, Dr.

Graham Lusk, Dr. E. B. Forbes, and Dr. Carl Voegtlin; dealing
with various phases 6f human and animal nutrition, was given
under the auspices of the Washington Academy of Sciences

during April, 1916, at the New National Museum, Washington,
D. C. In view of the wide-spread interest in the lectures and
the importance of the subject, and in response to numerous

requests, the Academy has reprinted in collected form a limited

edition of the lectures as published in the Journal of the Academy.
It has also seemed desirable to include, as a fitting introduction

to the series, the address of the retiring president of the Chemi-

cal Society of Washington, Dr. C. L. Alsberg, which was pre-

sented in January, 1916, before a joint meeting of the Chemical

Society and the Academy.
LYMAN J. BRIGGS,

Chairman, Committee on Meetings,

Washington Academy of Sciences.

Washington, D. C.,

October 15
,
1916.
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BIOCHEMISTRY. The biochemical analysis of nutrition. 1

CARL L. ALSBERG, Bureau of Chemistry.
There are a number of ways in which nutrition may be studied.

By the statistical method the effect of diet upon definite social

or geographical groups of individuals or upon inmates of hos-

pitals, asylums, or barracks is determined. The physical

method determines the energy income and outgo of the individual.

The physiological method determines the role in nutrition of

individual organs. Nutrition may, furthermore, be studied

by the method of biochemical analysis. This method seeks

to follow each one of the many chemical complexes that enter

into the composition of food in its course through the animal

organism. Therefore, for the purposes of this method the

component chemical radicals of the food must be known. This

information can be obtained only by resolving the food elements

into their component parts, that is, by analyzing them bior

chemically. This paper, therefore, presents a discussion of

some of the component parts of the food elements and of the

fate in the metabolism of some of the individual chemical com-

plexes that are found free or combined in food, in so far as their

fate is understood or surmised.

My reason for selecting this particular subject is that during

recent years perhaps the most interesting contributions to

knowledge made by biochemists have been in this field. Among
1 The address of the retiring President of the Chemical Society of Washing-

ton, given at a joint meeting of that Society with the Washington Academy of

Sciences, January 13, 1916.
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270 ALSBERG: BIOCHEMICAL ANALYSIS OF NUTRITION

the most important contributions of recent years to the study
of nutrition are investigations upon the role of the proteins

and of the nitrogenous constituents of the food in the animal

organism. You know, no doubt, that in Liebig's time proteins

were regarded as that element of the food which supplied the

material for growth-, tissue maintenance, and repair, as well

as for most of the energy. Though it was soon demonstrated

that while proteins did arid could furnish energy, under ordi-

nary conditions this was supplied in the main by sugar and other

carbohydrates and by catabolized fats. The proteins were, how-

ever, still regarded as all of about equal value, and their value

was estimated as proportional to the amount of nitrogen they

supplied to the animal organism. One protein was regarded

as of about as much dietary value as another. This was, how-

ever, soon found to be an erroneous notion. It was learned that

with certain proteins, gelatine for example, as the sole source

of nitrogen in the diet, life could not be supported. The proteins

then came to be divided into two classes, the true proteins and

the albuminoids. Gelatine was classed as an albuminoid. The
fact that it and some other proteins were found to be incapable

of supporting life was regarded as corroborative evidence that

they were not true proteins. Why they are incapable of sup-

porting life was not known. It was known that animals could

not live without proteins in the diet, but it was believed that rela-

tively few of the proteins were incapable of supplying all the

nitrogenous needs of the animal organism.
That is about where matters rested for a long time. Then

in 1901 Loewi published a most startling investigation, so startling

in fact that it received scant attention. He subjected the pan-
creatic gland, which all of you know as sweet-bread, to self-

digestion, the process that is technically known as autolysis.

As you know, practically all cells and tissues contain many en-

zymes or ferments, some of them similar to those secreted in

the stomach and intestines for the purpose of digesting pro-

teins. Therefore, under suitable conditions tissues can be made
to digest themselves. Loewi caused the self-digestion of the

pancreas to proceed until the digestion of the proteins in the gland
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was so complete that no trace of any reaction for protein could

be obtained. This predigested material as the sole nitrogenous
element of the diet was then fed to dogs and it was found that

upon such a diet the animals maintained their weight. These

results were remarkable because they tended to show that it

was not absolutely necessary to life that protein be an element

of the diet. For. a time these findings were ignored, but it has

since been shown that life can be supported for a time at least

upon a diet containing no complexes known as protein, but

instead a suitable mixture of amino-acids.

For the information of those of you who have not followed

the chemistry of the proteins during recent years I may say
that the proteins are combinations of the amino-acids, by which

we mean ordinary organic acids in which one or two hydrogen
atoms have been replaced by the amino group, NH2 . The

simplest amino-acid found in protein is glycine which, as you

see, is derived from acetic acid.

NH2

I II

H C C OH

i

There are seventeen of these amino-acids commonly found

in proteins. Several others have been reported more or less

definitely. Perhaps the commonest one is leucine, which has

six carbon atoms.

O NH2 H H H
II I I I I

HO C C C C C H

As you see, in all these substances the amino group is associated

with the carbon atom adjacent to a carboxyl, COOH, group, the

alpha position, as it is known technically. When two amino
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groups are present one is in the alpha position; the other is associ-

ated with the terminal carbon atom at the other end of the chain,

the omega position. Lysine is such a diamino-acid, as you can

observe from the formula CH2(NH2)(CH2) 3 . CH(NH2)COOH.
In these acids the atoms are arranged in a chain. However,
the protein molecule may contain amino-acids in which the

arrangement is such that a ring is found. Tyrosine, a benzol

derivative, is a good example.

H NH2 6

C- C C C OH

H C C H H H

H C C H

V
A,)H

Histidine is another ring compound:

H Hu
N VH^Uii
C-N^

H C H

H C NH2

HO O=0

Tryptophane, which is related to indigo, is still another. The

proteins are combinations of a number of these amino-acids

with one another. Most of the seventeen or eighteen amino-acids

are found in each protein. In all probability each molecule of

protein contains a number of molecules of a given amino-acid,

so that the protein molecule may be very large. The union

of the amino-acids with one another is, so far as now known,

always of the same kind; the amino group of one acid is united
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with the carboyxl group of another. One of the simplest com-

pounds of this type is glycylleucine :

NH2CH2 CO ' NH-CH-COOH
Glycyl I

|
^4Jtl

Leucine

These compounds are known as peptides and were first made
artificially. They were later discovered among the decom-

position products of proteins. A peptide with a molecular

weight of more than one thousand, composed of eighteen mole-

cules of amino-acids, has been made. Substances with still

larger molecular weights could be made, were it worth while.

Thus substances which are believed to have a structure similar

to that of proteins, and which have a molecule approaching in

size that of some proteins, have actually been made.
After this digression in explanation of the chemical structure

of proteins let us return to the problem of the nutrition of ani-

mals with amino-acids. Loewi found that animals could be kept
for a time without loss in weight upon a mixture of completely

digested protein. It was not at that time known that such

mixtures contained peptides, which, as I have explained, have
certain resemblances to proteins. It was therefore a most

important discovery when it was later determined that an animal

could be maintained for a time d^Ban artificial mixture of the

pure crystalline seventeen or eigmeen amino-acids found in

proteins 'free from peptides. If the^l observations are correct,

it is theoretically possible to supply the so-called protein needs

of animals by wholly artificial substances.

Certain investigators have very recently gone still further

by endeavoring to show that some of the nitrogenous needs

of the animal organism can be supplied by simple salts of am-
monia such as are used in fertilizers. It has hitherto been be-

that only plants are capable of utilizing ammonia. The
matter has not been settled; but there is good reason to believe,

as will appear later, that even if it be shown that animals can

utilize ammonia, it is impossible to support animal life upon
ammonia as the sole source of nitrogen.
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Whatever may be the ultimate practical significance of the

observations that animals can supply themselves with most

or all of their nitrogen needs by means of synthetic amino-acids,

these experiments have led to investigations that have explained
much that has been obscure in the physiology of nutrition.

Formerly it was believed that proteins when ingested were

digested by the enzymes of the intestinal tract and converted

into simpler substances, in the main albumoses and peptones,

which were absorbed. These albumoses and peptones, while

simpler than most food proteins, are, nevertheless, still very

complex substances. It was believed that they are absorbed

and then converted by the animal into the protein characteristic

of that particular animal. How that conversion was accom-

plished was not understood. Now every species of animal

and plant has its own characteristic proteins. The proteins

of even closely related species are different. The proteins of

the food supply are quite different from those of the animal

taking that food. Much work was done to explain how the

proteins of the food were converted into the proteins of the

body and where this conversion took place. At first it was be-

lieved to occur in the blood. Later a difference of opinion arose

as to whether it took place in the tissues or in the intestinal wall.

As food proteins could be demonstrated in neither place, the

matter remained unsettledcSWe know today that neither hy-

pothesis is tenable. Proteins are not ordinarily absorbed as

such. They are completecl dismembered within the intestinal

canal into their component amino-acids and these are absorbed.

As long as it was not known that an animal can be maintained

upon pure synthetic amino-acids, no one had any reason to

believe that proteins were completely digested before absorption.

Now what happens to these amino-acids after they are ab-

sorbed? As ordinary diets may contain more nitrogenous

material than is needed by the organism, a part of the amino-

acids is changed within the walls of the intestinal canal by the

removal of the amino group to form ammonia. As this takes

place in the presence of carbonic acid, ammonium carbonate

and ammonium carbamate are formed. It has recently been
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found that there is an equilibrium between these two sub-

stances, so that where one is present in solution there is also

found a definite amount of the other. It is an easy step from

ammonium carbamate to urea. Thus the amino group split off

from the amino-acid in the intestinal wall or elsewhere is ulti-

mately converted into urea and excreted. There are probably
other methods of the formation of urea, as, for example, by
cleavage from argininewhich contains a guanidine grouping closely

related to urea. After the removal of the amino group from the

amino-acids there is left a carbonaceous residue which may be

burned to furnish energy, perhaps directly, perhaps after con-

version into sugar. A portion of the amino-acids absorbed by
the intestines is not, however, deprived of its nitrogen, but passes

into the blood stream from which it is absorbed by each indi-

vidual cell according to that cell's particular needs. The cell

then reconstructs from these amino-acids its own characteristic

protein. Thus it is possible to explain in a comparatively sim-

ple manner how, for example, wheat protein when fed to an

animal is converted into the characteristic proteins of that ani-

mal. It is done by the cells of the tissues from amino-acids

supplied to the cells by the blood, the blood receiving the amino-

acids from the intestinal wall.

This theory concerning the fate of food proteins in the ani-

mal body is supported by certain very interesting feeding experi-

ments. In these experiments animals, usually white rats, were

fed upon definite mixtures containing only a few pure food

substances. These mixtures consisted of sugar, fat, mineral

salts, and a single pure protein. In each set of experiments a

different pure protein was used in each series, all other factors

remaining constant. It is in this way possible to determine

the nutritive value of individual proteins. The results of this

work indicate that many proteins are incapable either

of supporting life or of producing growth. On the whole

it may be said that many more vegetables than animal

proteins are defective in this way. Now, when the composi-
tion of such defective proteins is compared with that of

proteins that are not defective in this respect, it is found that
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the defective proteins lack one or more of the amino-acids which

are found in the proteins that are not defective. This is very
much oftener true for the vegetable proteins than for the animal

proteins. Some lack lysine, others tryptophane or histidine, or

cystine. The latter is an amino-acid containing sulphur, the

usual form in which sulphur is contained in proteins. Some

proteins lack more than one amino-acid. Gelatine, for example,
contains no cystine, tyrosine, or tryptophane. Now it has been

shown in certain cases that if to a diet of the kind just described,

containing a single defective protein, there be added the amino-

acids which that protein lacks, the value of the diet is greatly

increased; in certain instances it may even become entirely

capable of supporting life and growth. We have here a direct

proof that the animal organism is capable of utilizing amino-

acids and incapable of manufacturing for itself certain amino-

acids. Herein it differs from the plant organism which is cap-

able of making all the amino-acids necessary to support its life.

The animal organism is, however, capable of making certain

amino-acids. It can, for example, make glycine. It has not

as yet been finally determined exactly which amino-acids can

be made by animals and which can not.

There are a number of ways in which the lack of certain

amino-acids may affect the functioning of the animal organism.

Their lack may, of course, make it impossible for the animal

to manufacture its own tissue protein. It suffers a kind of

starvation. There are, however, more indirect ways in which

the absence from the diet of a necessary amino-acid may be

important. It has recently been found that the iodine com-

pound of the thyroid gland, the gland that you feel in the neck

about the Adam's apple, is a derivative of the amino-acid trypto-

phane. It has long been known that the normal functioning

of the thyroid gland is essential to life and health. It has

been found that the normally functioning gland contains the

iodine compound now believed to be formed from tryptophane.
It is therefore possible that when there is no tryptophane in the

diet, difficulty in the formation of the iodine compound necessary

for the thyroid gland results with corresponding disturbance

of the gland's function.



ALSBERG: BIOCHEMICAL ANALYSIS OF NUTRITION 277

The iodine compound of the thyroid gland is physiologically

active; that is to say, it is poisonous. It is not, however, the

only physiologically active substance produced from amino-

acids in the animal metabolism. Adrenaline

(HO)C^ \>CH(OH)CH2-NHCHs
I II

(HO)C<

is another such substance probably derived from an amino-acid.

As you may see by comparing the formulae, it is related to the

amino-acid tyrosine. It is formed in the adrenal glands, two small

glands found in the kidney fat just above the kidneys. Hence
their name, which was given to them before it was known that

they have no direct relation to the kidneys. They apparently
furnish adrenaline to the blood. Adrenaline when injected into

the blood causes the small blood vessels to contract and therefore

the blood pressure to rise, since the heart then pumps against

the increased resistance of the contracted vessels. When the

adrenal glands do not function normally, as for example when

they are tuberculous, Addison's disease develops, which is

characterized among other symptoms by a low blood pressure.

The substance adrenaline is probably known to you, since it is

used therapeutically in a number of ways, for instance, to con-

strict capillary blood vessels to stop bleeding from the capillaries

on wound surfaces. If there is an absence from the diet of the

material necessary to form adrenaline, it is conceivable that

symptoms other than those of starvation might result.

There is a small gland at the base of the brain known as the

pituitary gland, which is apparently necessary to life and which

manufactures a physiologically active substance, probably de-

rived from the amino-acid - histidine. Disease of this gland
seems to occur in certain giants and in the disease akromegaly,
in which among other symptoms is found enlargement of the

bones of the face and the extremities.

A very interesting physiologically active substance, para-
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oxyphenylethylamine, is formed in the self-digestion of the

pancreas from tyrosine, as shown by Emerson. . It is tyrosine

from which carbonic acid has been removed. This is of great

interest, since it was at one time believed that carbonic acid

was formed in living organisms solely by oxidation. This ob-

servation shows that it can also be formed by enzymatic cleav-

age. This is of profound biological interest, since in all prob-

ability the energy which is required by organisms living in an

environment free from oxygen is obtained by reactions of this

type. Ordinarily we think of such organisms as being limited

to the fungi, but there are quite highly organized animals which

live in this way; for example, parasitic intestinal worms. The

gases of the intestines are practically free from oxygen. In all

probability these worms obtain the energy necessary for the

maintenance of life by cleavages, rather than by direct oxidation.

Finally, it is interesting to note that most of these physiologically

active substances are amines, probably derived from amino-

acids by removal of carbonic acid, that is, by the elimination

of the carboxyl, COOH. This method of the formation of

amines is probably quite common in plants and leads to the

formation of various poisonous plant bases. It has been sug-

gested that the active principle of ergot is formed in this way.
In making this digression to explain that physiologically

active substances may be formed from amino-acids, it was my
purpose to suggest that the defective or incomplete proteins,

when the main or sole nitrogenous element of the diet, may
not merely produce a form of starvation, but that they may
also have an indirect action through failure to supply the raw

materials which are needed by certain glands to elaborate their

specific products.

It should not be inferred from what has been said that these

incomplete or defective proteins are without food value. On
the contrary they may be of great food value. They are merely
not of themselves sufficient, but they can be made sufficient

if supplemented in relatively small amounts by other proteins

that contain the lacking elements. This is a matter of the

greatest practical importance in the feeding of farm animals.
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Animal feeds consist in the main of vegetable proteins which

are often incomplete. Obviously such a feed can be used most

economically if it is supplemented by small amounts of pro-
teins which supply the missing elements. To do this it is neces-

sary to know what amino-acids are contained in the different

vegetable foods. Agricultural chemists are now engaged in

studying this problem. In this connection it must be pointed
out that there is a distinction between maintenance and growth.
It is perfectly possible to maintain an animal in good health

upon a diet which will not permit it to grow. It is possible to

stop the growth of an animal by putting it upon such a diet.

When the diet is changed growth may be resumed. The capacity
for growth has not been destroyed. Furthermore, it has been

shown that it is not safe to conclude that a given diet is sufficient

if it permits an animal to develop to adult life. It is necessary
to show that it will also permit it to reproduce. There are

diets that apparently permit perfect development but do not

permit reproduction. It has also been found that more growth
will take place upon a diet containing a mixture of incomplete

proteins than upon a diet containing only one or two of them.

Thus growing pigs will utilize for growth only about 24 per cent

of the proteins of corn or wheat, whereas upon a mixture of

the two grains they will utilize for growth about 33 per cent.

It may be stated by way of comparison that pigs will utilize

for growth about 60 per cent of the milk proteins fed.

Some of the investigators who put animals upon these restricted

diets found that the animals throve a great deal better if small

quantities of certain substances were added to the diet. The

presence of so small a quantity of milk that its protein was a

negligible factor kept animals growing or in good condition

upon diets that would not otherwise permit the animals to

remain in good health. A diet which does not permit normal

growth will do so if a small quantity of butter is added. Appar-

ently there are present in certain foods small quantities of

substances of unknown nature which are necessary to growth
and life. What this substance in butter is is not known. It

seems to contain neither nitrogen nor phosphorus. This is
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of importance, since it proves that the substance is not a lipoid.

Lipoids are complex fat-like substances containing both nitrogen

and phosphorus. It has been claimed that a diet without lipoids

will not support life. The absence of nitrogen from the growth-

promoting substance of butter indicates that it is not related

to the vitamine of rice which is almost certainly a nitrogenous
base. The vitamines are substances of unknown composition,

found in certain foods and essential to Ijfe. In the polishing

of rice the vitamine is removed. An individual living upon a

diet of polished rice will develop a disease known as beri-beri,

frequently found among rice eaters. There is apparently a

whole series of substances found in foods which are necessary
to life. The absence of certain of them is believed to produce

scurvy. A similar hypothesis has been advanced concerning
the disease pellagra.

Little is known as yet concerning the chemical nature of these

substances. They are very unstable, being decomposed by
heating, especially by sterilizing under pressure. Lime juice

has been used for many years as an antiscorbutic. It is not

particularly rich in these substances, but in lime juice they
seem unusually stable. It has been suggested that the free

organic acid present in the lime juice protects the antiscorbutic

substances.

It is therefore quite evident that the last decade has brought
forward many contributions of the greatest hygienic and economic

importance. It is quite certain that more important discoveries

are still to come. It is therefore well to look askance at popular

prophecies concerning the approaching inadequacy of the world's

food supply. When our viewpoint has changed so radically

in a few years, it is idle to speculate about the future. If I

have been able tonight to present this point to you clearly,

I have accomplished my purpose.
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PHYSIOLOGY. The basal energy requirement of man. 1 EUGENE
F. Du Bois, M.D.

It is not too much to say that the science of nutrition is founded

on the study of the basal energy requirement. Therefore it

seems advisable to spend our time today on this aspect of the

subject as an introduction to the subsequent lectures of the

series. First we shall consider the definition of the term, basal

energy requirement, next the manner in which it is studied, and

finally the factors by which it is influenced in health and disease.

The energy requirement of a man is represented by the number
of food calories, or heat units, required to balance the calories of

his heat production. The two are equal, because food oxidized

in the body gives off just as much heat as food burned outside

the body. The basal requirenent is the minimal requirement
or lowest heat production, and this condition is found only when
an individual is lying down, at complete rest in the morning,

1 A lecture delivered before the Washington Academy of Sciences, April 7,

1916. From the Russell Sage Institute of Pathology, in affiliation with the Sec-

ond Medical Division of Bellevue Hospital, New York.
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fourteen hours or more after his last meal. There are many
synonyms for the term basal energy requirement, and it has

seemed advisable to group them in a list so as to straighten out

misunderstandings.

SYNONYMS OF BASAL ENERGY REQUIREMENT

Basal metabolism "Niichtern" metabolism
Basal caloric requirement Post-absorptive metabolism
Basal caloric production Total energy exchange
Basal heat production Total gaseous exchange
Minimal metabolism Total respiratory exchange
Total metabolism

Of all of these synonyms the term basal metabolism is perhaps
the best and most scientific. Metabolism includes the absorp-

tion of foods, their oxidations and transformations into body

constituents, and also the later oxidations of these tissues. Such

are the energy exchanges of the body, taking place with the con-

sumption of oxygen and the formation of carbon dioxid, these

gases being carried to and from the blood by means of the respi-

ratory apparatus.

On looking over this formidable list of synonyms one gets the

impression that scientists have spent much time in coining phrases

and have tried to make two words grow where one grew before.

Still we can have the recompense of knowing that when we have

understood the term basal metabolism we have mastered a con-

siderable portion of the dictionary.

Lavoisier was the first to make experiments on the respiratory

metabolism and to grasp their significance. A long time afterwards

Pettenkofer and Voit constructed the famous respiration cham-

ber in Munich that gave Voit the data on which he founded our

modern science of nutrition. His pupil Rubner with his own
hands constructed a respiration chamber which was at the same

time a calorimeter. By means of this Rubner was able to prove
that foods are oxidized in the animal body in very much the same

way that they are oxidized in the bomb calorimeter or the Liebig

combustion furnace. The process is slower but just as complete,

except for the urea portion of the protein molecule. No heat
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is lost, for the law of the conservation of energy applies to the

animal organism.

Meanwhile Zuntz and his pupils were making very important
contributions to the science, using an apparatus which collected

the expired air during periods ten to twenty minutes long. They
were the first to grasp the importance of the modern standard

conditions used in determining the basal metabolism. Their

subjects were studied in the morning before breakfast, lying re-

laxed on a couch. Magnus-Levy examined a large number of pa-
tients in this manner and made great advances in our knowledge
of the metabolism in disease. Zuntz, Loewy, and Durig used a

portable apparatus in the study of the physiology of walking
and other forms of muscular exercise.

America's greatest contribution to the science of nutrition was

the Atwater-Rosa calorimeter, devised in Middletown, Con-

necticut. This was a small chamber about the size of a ship's

state-room, equipped with a folding bed, a chair, a table, and a

stationary bicycle. In it a man could live for a week or two,

comfortably, but perhaps monotonously. His heat production
was measured in two different ways. First, by the method of

direct calorimetry, which determined by physical methods the

heat of vaporization and of radiation and conduction; second,

by analysis of the oxygen consumption and carbon dioxid pro-

duction the grams of protein, fat, and carbohydrate oxidized each

hour, this being the method of indirect calorimetry. Results

obtained by these entirely different methods agreed perfectly.

Atwater and his associates, Rosa and Benedict, established the

fact that the law of the conservaton of energy applied to man.

They also made important contributions to our knowledge of the

utilization of foods, and of the dietary requirements under vari-

ous circumstances. After the retirement of Atwater two groups
of his assistants carried on his work. Langworthy and Milner

moved with the famous calorimeter to the Department of Agri-

culture in Washington. Benedict and Carpenter built several

new calorimeters and established in Boston the Nutrition Lab-

oratory of the Carnegie Institution of Washington. Here they
have not only made great advances in technique but have also



Fig. 1. Schematic diagram of the Atwater-Rosa-Benedict respiration calorimeter.

Ventilating System :

02, Oxygen introduced as consumed
by subject.

3, H2SO 4 ,
to catch moisture given

off by soda lime.

2, Soda lime to remove CO 2 .

1, H 2SO 4 to remove moisture given
off by patient.

BL, Blower to keep air in circulation.

Indirect Calorimetry:
Increase in weight of H2SO 4 (1)

=
water elimination oi subject.

Increase in weight of soda lime (2) +
increase in weight of H2SO 4 (3)

=
C0 2 elimination.

Decrease in weight of oxygen tank
= oxygen consumption of subject.

Heat-Absorbing System:
A, Thermometer to record temper-

ature of ingoing water.

B, Thermometer to record temper-
ature of outgoing water.

V, Vacuum jacket.
C, Tank for weighing water which

has passed through calorimeter
each hour.

W, Thermometer for measuring
temperature of wall.

Al, Thermometer for measuring
temperature of the air.

R, Rectal thermometer for measur-

ing temperature of subject.
Direct Calorimetry:
Average difference of A and B X

liters of water + (gm. water
eliminated X 0.586) (change
in temperature of wall X hydro-
thermal equivalent of box)

(change of temperature of body X
hydrothermal equivalent of body)
= total calories produced.

Th, thermocouple; Cu, inner copper
wall; Cut, outer copper wall; E, F,
dead air spaces.

350
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made experiments on many individuals under a great variety of

conditions. Their bed calorimeter in particular has been of

great service in the study of the basal metabolism.

The most ingenious apparatus constructed for the study of

metabolism is the small calorimeter of Langworthy and Milner.

In this the temperature control is automatic and small electrical

instruments day after day perform work that exhausts an expe-

rienced man after a few hours. Most calorimeters require two or

three men in constant attendance, but theirs will run accurately

all by itself.

The small calorimeter constructed by Dr. H. B. Williams for

Lusk at the Cornell University Medical College in New York

City has given results which are technically perfect even in

short experimental periods. Only those who have worked in the

subject can appreciate the brilliant planning of Lusk's experi-

ments on dogs and their profound significance in the study of

the fundamental laws of metabolism. As a result of this work

on animals and some work on patients with the small "unit"

respiration apparatus devised by Benedict, it seemed advisable

to construct a calorimeter for the study of disease. This was

made possible by the trustees of the Russell Sage Institute of

Pathology, who supplied funds to Dr. Lusk sufficient for the

construction and maintainence of a calorimeter and metabolism

ward in Bellevue Hospital, New York. 2

This apparatus, which was built by Riche and Soderstrom, is

the latest development of the apparatus of Atwater and Rosa

as improved by Benedict, Milner, Williams, and others. It is

about the size of the lower berth of a sleeping car and is provided

with a comfortable bed, a shelf and a couple of windows. The

subject of the experiment lies quietly for three or four hours in

the well ventilated box at a comfortable temperature. During
this time his heat production is being measured by the inde-

pendent methods of direct and indirect calorimetry.

The direct method depends on the physical measurement of

the heat of radiation and conduction and also of vaporization,

about one quarter of the total heat produced being eliminated

by evaporation of water from skin and lungs. The indirect

2 Archives of Internal Medicine, 15 : 793. 1915.
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method is purely chemical. The carbon dioxid production of

each hour is measured, also the oxygen consumption. Knowing
these and the nitrogen elimination in the urine, we can calcu-

late out the grams of carbohydrate, fat, and protein metabolized

each hour, and from their well known caloric values can de-

termine the total heat production. In normal controls the two

methods agree very closely, if we take tr^e averages of all the

experiments made. Even in periods as short as one hour the

agreement is usually within 5 per cent.

This calorimeter in Bellevue is particularly well adapted to

observations on patients. It is situated in a room next to a

small metabolism ward where the food can be weighed out ac-

curately and complete twenty-four hour specimens of urine

collected. The experimental period within the chamber is only
three hours, as contrasted with the long periods of one to ten

days needed in the old Atwater-Rosa chamber in Middletown.

The patient lies on a comfortable bed, breathing pure air at a

uniform temperature. Even patients who are seriously ill can

serve as subjects of the observation without the slightest harm

being done. As a matter of fact they are greatly benefited, be-

cause their diets can be arranged scientifically as a result of the

information obtained in the calorimeter.

In order to understand the results obtained in disease we
must first consider the basal metabolism of normal men. With
most individuals this is surprisingly uniform from day to day
and from year to year. Of course the heat production of a

man depends largely on his size, but it is by no means propor-

tional to the body weight. A large man gives off more heat than

a small man but for each kilogram of weight the small person
has the higher metabolism. On the other hand the metabolism

of men of various sizes and shapes is rather closely proportional

to the surface area of the body. Many years ago Rubner estab-

lished this law of surface area and was able to show that mice,

rabbits, dogs', men, and horses had almost the same metabolism

per square meter of skin.

Up to the last few years we were obliged to estimate the sur-

face area of men by Meeh's formula which was simple but, unfor-
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tunately, not accurate. Recently a better method was devised

by Mr. Delafield Du Bois. This so-called height-weight formula

can be expressed in a chart which enables one to find the approxi-

mate surface area if the height and weight of the individual be

known. Using it to recalculate the results obtained upon nor-

mal persons, we find that the average heat production of men
between the ages of twenty and fifty is about 40 calories per

square meter per hour. There is a normal range of variation

amounting to plus or minus 10 per cent from the average, and

a few apparently normal individuals may depart as much as 15

per cent from the mean. Curiously enough very fat people and

very thin ones have almost exactly the same heat production,

measured in this way, while there may be a difference of 30 or

40 per cent between the two groups if we base the calculations

on kilograms of body weight.

The level of the metabolism varies greatly with age. During
the first few days of life it is very low, then rises rapidly during

infancy, and reaches its highest level in the almost unexplored

period between the ages of two and six years. After this it falls

rapidly until about the eighteenth year when the curve flattens

out. Between the ages of twenty and forty there is compara-

tively little change, but after this a slight fall, so that by the

eightieth year the line is about 10 per cent below the average

level for the ages of twenty to forty. There seems to be a stimu-

lation to the basal metabolism during the period of growth.

Women show an average basal metabolism about 7 per cent

lower than that of men of the same age. Athletes are about 7

per cent higher than men of sedentary habits. Confinement in-

doors or in bed reduces the metabolism, as does cage life for a

previously active dog. Prolonged undernutrition can reduce

the metabolism 30 or 40 per cent. Benedict's subject Levanzin,

who fasted for thirty-one days, showed a marked reduction in

basal metabolism, amounting to about 23 per cent after three

weeks starvation.

The basal metabolism is always measured fourteen hours or

more after the last meal, because food stimulates the heat pro-

duction. A meal containing 60 grams of protein can increase the
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metabolism 10 or 12 per cent for six or seven hours. One hun-

dred grams of glucose may cause as great a rise, but for a shorter

period. The stimulation from fat takes place much more slowly

and does not reach its maximum until six hours after the meal.

This stimulation caused by food is the specific dynamic action

described by Rubner and studied in detail in the last few years

by Lusk at the Cornell Medical College, New York City.

Muscular work affects metabolism to far greater extent than

all other factors combined. Even walking at a moderate gait

may increase the energy consumption threefold, and riding on a

bicycle ergostat may increase it sixfold. Work of this type is

done with an efficiency of 22 per cent. Only 78 per cent of the

energy consumed is wasted, the rest being transformed into me-

chanical work. This is better utilization of fuel values than is

found in machines that use coal. The body works more econo-

mically than a steam engine, but we can see why a lumberman
in the Maine woods needs 9000 calories of food a day, which is

three times as much as most of us consume and six times as much
as our requirement would be were we to maintain it at its basal

level by staying motionless in bed all day without food.

BASAL METABOLISM IN DISEASE

It has been possible at Bellevue Hospital to study in detail a

large number of patients with typhoid fever. During the active

stage of this disease, when the temperature maintains itself at

104 Fahrenheit, there is an increase in the basal heat production

amounting to 40 or 50 per cent above the normal. The signifi-

cance of this is appreciated if we remember that most doctors

keep their typhoid patients on very small diet for weeks at a

time. The result of such underfeeding is a profound wasting

away of the patients own tissues, with great loss of weight and
the addition of the symptoms of starvation to those of typhoid
fever. Shaffer and Coleman, on the basis of studies of the nitro-

gen of metabolism, advocated a high calory diet in this disease.

Dr. Coleman and the writer have studied the effects of such
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liberal feeding by means of the small Benedict apparatus and of

the Sage calorimeter. Curiously enough the taking of food does

not stimulate the heat production nearly so much in typhoid
fever as in health, and patients on the high calory diet have no

greater caloric production than those on the starvation diet.

This shows how groundless was the old dread of fanning the fever

by giving food. It seems to be well established that there is a

toxic destruction of protein in typhoid fever. Even if we give

the patient plenty of protein and enough calories in food to meet
his caloric output, he will show a steady negative nitrogen bal-

ance. This phenomenon indicates that protein is broken down
faster than it can be reconstructed. If we wish to maintain a

typhoid patient in nitrogen equilibrium we must give him 4000

or 5000 calories a day, whereas his calculated output seldoms ex-

ceeds 3000 or 3500 calories. Patients do very well on these

large diets if they be carefully administered; and at the end of

the fever they are well nourished, instead of starved. The

proper food in large amounts does not increase the intestinal

symptoms.
The disease which has the greatest effect on metabolism is exop-

thalmic goiter, sometimes called Graves' disease. This is due

to an overactivity of the thyroid gland, situated in the neck.

Patients who suffer from this hyperthyroidism usually show

some swelling of the gland, protrusion of the eyes, nervousness,

large appetite, and warm, moist skin. In severe cases of the

disease the resting metabolism may be increased 75 to 100 per
cent above the normal level. This explains the great demand
for food and the marked loss in weight if the diet be not liberal.

It also explains the warmth of the skin, since each square meter

of surface has to eliminate 75 to 100 per cent more heat than

normal. There is also a disease called myxoedema in which the

secretion of the thyroid gland is diminished. Patients with

myxoedema are lethargic and have small appetities and cool dry
skin. Their heat production is much below the normal, but if

extract of thyroid gland be given them the normal level is at-

tained once more and their symptoms disappear.
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There are several other diseases in which the metabolism is

increased 20 to 40 per cent. Among these may be included se-

vere anaemias, cancer, severe cases of heart or kidney disease,

high fevers, and perhaps other conditions that have not yet been

studied. Patients who are not very ill show little change from

the normal in their basal metabolism, and their food require-

ments are those of normal men under similar conditions.

DIABETES

In the very important disease of diabetes there are profound

changes in the metabolism of all the foods. The study of

these changes has thrown an enormous amount of light on the

transformations of the food-stuffs which take place in normal

individuals, and physiology owes a great debt to the study of

this pathological condition. In severe cases the body being un-

able to oxidize any carbohydrate food, eliminates it in the urine

as glucose. Proteins are incompletely oxidized, and about half

of the protein, molecule is changed into glucose and eliminated

as such. Fats are incompletely metabolized, reaching the stage

of beta-oxybutyric acid, which circulates in the blood as a poison

in diabetics because the tissues are unable to oxidize it beyond
this stage as they do in health. The level of the total heat pro-

duction is not much changed in diabetes in spite of this disturb-

ance of the intermediary metabolism. Direct evidence of the se-

verity of the disease can be obtained by the use of the calorimeter

or any other form of apparatus which determines the respiratory

quotient. It is the respiratory quotient which tells the exact

amount of carbohydrate that the patient is oxidizing. Severe

cases can oxidize none; mild cases can derive 20 to 40 per cent

of their calories from carbohydrates.

Quite recently Dr. F. M. Allen, of the Rockefeller Institute,

has found that patients with severe diabetes are much bene-

fited by periods of fasting and low diet. In almost all cases the

sugar can be made to disappear from the urine and stay away
as long as the diet is restricted. Several patients so treated have
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been studied in the calorimeter in association with Dr. Allen,

and it has been found that during the period of low diet there is

a great reduction in the level of the basal metabolism. The

organism adapts itself to the new conditions and seems to

straighten out its internal difficulties when living economically.

In this short lecture we have been able to discuss briefly a

few of the factors which influence the basal metabolism in health

and disease. It is only through a study of such factors that we
can place dietetics and particularly hospital dietetics on a sci-

entific basis. In most institutions the patients are fed accord-

ing to customs and habits inherited by trained nurses from pre-

vious generations. Perhaps in the course of years the food of

sick men may be as scientifically administered as the food of the

chickens and cows on a modern farm.
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PHYSIOLOGY. Food economics. 1 GRAHAM LUSK, Professor

of Physiology, Cornell University Medical College, New
York.

The consideration of the food supply from a national stand-

point was forced upon Germany at the outbreak of the great

war which is now in progress. Eminent scientists combined

in a report upon the prospects of the sustenance of the nation.

1 A lecture delivered before the Washington Academy of Sciences, April 14,

1916.
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Imports from oversea had been restricted. Meat, butter, cheese,

and fish formerly obtained from Holland and Denmark were no

longer available. The North Sea fisheries which had yielded

179,000 metric tons (1 metric ton = 2200 Ibs.) of fish were

closed, trained farm hands were fewer, crops in East Prussia

and Alsace had been destroyed; the situation appeared serious.

It was estimated that the annual amount, of food fuel necessary
to support sixty-eight million Germans men, women, and
children was 56,750,000,000,000 calories. This is the equiva-
lent of 3000 calories per adult per day. The quantity of protein

required in this fuel, if the human machines were to maintain

themselves in self-repair, was estimated to be 1,605,000 metric

tons per annum. It was calculated that a mixed population of

sixty-eight millions (men, women, and children) required the

same amount of food as would 51,823,000 adults.

In order to increase the production of food and to diminish

the waste, the committee recommended increasing the crop of

beans, with its large protein content, reducing the unnecessarily

large meat supply, and increasing the intake of cheese and
skim milk (which latter should no longer be fed to pigs), im-

proving the yield of vegetables and fruits, and reducing the

quantity of butter and cream produced. A reduction in the

consumption of meat, butter, and cream was necessary, because

edible grains would be required for human food, and the main-

tenance of the usual number of cattle was no longer deemed

possible.

The estimated savings as above enumerated would result in a

total production of 81.25 billion food calories containing 2,022,800
tons of protein.

The conditions were summarized as shown in table I.

From these data it was concluded that the German people,

through cooperation of millions of inhabitants, would be able

to prevent suffering for lack of food. There can be no question
that respect for the scientific knowledge of specialists, of men
like Rubner, Zuntz, Oppenheimer, and Lehmann, was of highest

value in the hour of national exigency. Countries in which

highly educated men are very slightly esteemed would have
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passed over this advice, would have consigned it to the news-

paper dung-hill of
"
highbrow" information, and starved to

death in consequence.
TABLE I

SHOWING THE ANNUAL FOOD REQUIREMENTS OF 68,000,000 PEOPLE IN GERMANY
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To the man of large affairs the expenditure of twenty-five

dollars a month for food appears of little moment, and yet if

the 100,000,000 inhabitants of the United States lived as this

TABLE III

FAMILY, Two ADULTS, THREE CHILDREN

Wages $60 per month
Rent A $15 00

Food 25.00

Coal 4 . 50

Insurance 2 . 25

Soap, matches, etc 1 00

Clothing and extras 12 25

$60.00

typical poor man's family lived the cost of food would aggregate

$6,000,000,000 per annum. To any man of large affairs the

maintenance at Boston of the Nutrition Laboratory of the

Carnegie Institution, with its budget of $60,000 per annum,

appeals impressively to the imagination; yet this work is ac-

complished at an annual expense of one-thousandth of one per

cent of what the American people would pay for food if each

family of five had an income of $720 per annum. Is it not a

little sad to think that the expenditure of thousands of millions

of dollars annually for food, an expenditure frequently amount-

ing to more than half of the income of the poor man, should

take place without any real idea as to the nature of what food is?

TABLE IV

SUPPLIES FOR A BOARDING SCHOOL CONTAINING 355 BOYS
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private boarding schools in the country. The total annual

food supply has been computed as shown in table IV.

This amount of nourishment was taken by 355 boys and by
about 100 adults (masters and servants). This quantity of

food when computed on the basis of the individual meal served

appears as follows:

TABLE V

FOOD SUPPLY PER MEAL
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into this computation. These results explain the ravenous

appetite of boys. Lack of appreciation of this factor and lack

of provision for it are the probable causes of much of the under-

nutrition seen in children of the school age.

TABLE VI

TABLE SHOWING THE NUTRITION CONDITIONS AT A SCHOOL CONTAINING 355 BOYS
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TABLE VIII
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TABLE IX

WEIGHTS OF VARIOUS FOODS NECESSARY TO FURNISH 2,500 CALORIES, AND COST
AT SECOND AVENUE AND 90TH STREET, NEW YORK CITY

A man at moderate work requires 2,500 calories daily

Corn meal T. . . 8

Hominy 8

Oatmeal 5?

Flour 8

Sugar
K ice (broken)
Broad 2 1

Lard 9

Corn syrup 1 13

Molasses 1 15

Peanut butter 14

Pork (fat ) 1

Beans (dried), pea 1 9

Oleomargarine 11

Potatoes 8 1

Dates 1 12

Olive oil 9

Hickory nuts (unhulled) 2

Raisins (dried) 1 12

Applies (dried) 1 13

Cheese, American, pale 1 3

Butter 11

Brazil nuts (unhulled) 1 8

Cocoa 1 1

Lentils (dried) 1 8

Almonds (unhulled) 1 8

Apples (fresh) 11 5

English walnuts (unhulled) 1 13

Salt cod.., 6

Pounds Ounces

government compel manufacturers to place upon each can or

package of food sold the caloric content of the package.
Besides fuel value it must be remembered that the body must

have protein. The machinery of the living parts of the body
such as muscle is in a constant state of wearing away. The
wear and tear is slight, but protein must be taken in the food



LUSK: FOOD ECONOMICS 395

to replace that destroyed in the body or the machinery of the

cells will wear out and death from lack of protein will ensue.

Different proteins have different values for this purpose.

Those of meat, fish, eggs, and milk will replace body protein

part for part. Such proteins may be classified as proteins of

Grade A. Gelatine has practically no power to replace body
protein and should be classified as protein of Grade D. Wheat
contains a mixture of proteins of Grades A and D in which those

of Grade A predominate, so that wheat may be classified as

containing protein of Grade B, whereas from analogous reason-

ing corn may be said to contain protein of Grade C.

An ordinary dietary with a liberal allowance of protein con-

tains 15 per cent of its calories in that form. A can containing

15 per cent of its calories in protein should have a star placed
with the letter determinative of the grade of protein. For

example the label on a can of corn should read, "This can con-

tains x calories of which y per cent are in protein of Grade C."

A further desirable statement would be as to whether the food-

stuff sold contained the natural mineral constituents from the

organic source from which it was derived.

I have elsewhere emphasized the desirability that the govern-
ment should give this information with regard to all foodstuffs

sold in packages. The determination of the heat of combustion

of a dried sample of food takes fifteen minutes. Probably
three hours would suffice to make a complete analysis by a

government expert. The manufacturer should send his sample
can to the Bureau of Chemistry at Washington, declaring that

to be his standard and requesting information regarding his

label. He should pay for this analysis as a patentee pays for

his patent. If at any time the government should find the

manufacturer selling on the market a material of different

character than the standard deposited with the government, the

manufacturer should be heavily fined.

It is not possible to consider the details of the great amount
of extremely valuable work accomplished by the scientific

departments of the Washington Government and in the individual
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Agricultural Experiment stations in this country and abroad.

It may, however, be of interest to call attention to the results

of a study of the sale of food at Childs' restaurant2 which shows

how this principle of caloric feeding, now adopted in hospitals

and upon farms, may be worked out in the daily life of the

people.

The main objection that has been encountered to the sale of

food on the caloric basis has been the sensitiveness of the busi-

ness world to the introduction of a new and unknown quantity.

Why not leave well enough alone? A more highly educated

generation will, however, demand that its expenditures of thous-

ands of millions of dollars for food shall not continue to take

place in unfathomable depths of darkness.

2 Gophart and Lusk. Analysis and cost of ready-to-serve foods. Pub-

lished by Am. Med. Assoc., 1915.
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PHYSIOLOGY. Studies on the mineral elements in animal

nutrition. 1 E. B. FORBES, Ohio Agricultural Experiment
Station.

As agricultural scientists, our interest in the mineral elements

lies in that larger intermediary metabolism between the soil

and the sea which begins with the weathering of the rocks,

includes the whole of plant and animal metabolism, and ends

with the formation of new rocks. Throughout this vast sweep
of chemical change the mineral elements occupy a unique and

dominating position, entering in essential ways into every

process and exerting an influence in metabolism entirely out

of proportion to the amounts in which they are involved.

In a large and general way life may be regarded as a coordinated

system of responses to electrical stimulation. The ions, and

especially the inorganic ions, are the bearers of this electricity,

and it is because of this fact that they are able to play a leading

role in the direction of the whole process of metabolism. Gus-

tav Mann says,
"
So-called pure ash-free proteids are chemically

inert and in the true sense of the word, dead bodies. What

puts life into them is the presence of electrolytes."

This, then, is the basis of our interest. More specifically,

this subject concerns us because the mineral elements of soil

fertility of plant nutrition supply the mineral nutrients of

animals. All of those conditions of growth of plants, as to

1 A lecture delivered before the Washington Academy of Sciences, April 21, 1916.
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soil fertility, heat, light, and moisture, which affect their mineral

content affect the food value of these products for animals.

Similarly all of those processes of treatment of foods, as to con-

ditions of harvesting, storage, manufacture, preservation, and

preparation which affect their mineral content have a bearing
on the nutrition of animals. Further, the almost unlimited

freedom of choice of foods afforded by eur markets and our

prosperity, a freedom which may profoundly affect the mineral

content of the diet, furnishes a basis of interest and an obli-

gation to understand. Finally, the mineral requirements of

men and animals in their various conditions and stages of life,

growth, health, and activity differ greatly in such ways as to

demand our attention, since the whole range of success and profit

in practical animal nutrition lies close, and ever closer, to maxi-

mum possibilities.

As this subject relates to stock feeding, we find that modern
tendencies give it a special importance that it had not in times

past. The forced feeding of our early-maturing meat animals

and the selective improvement of our poultry and our dairy
cows for greater productive capacity call for a higher percentage
of mineral nutrients in foodstuffs than was necessary in the old

days of less intense production. The requirement of mineral

nutrients for mere maintenance is slight in amount, compared
with the requirement for the production of flesh, eggs, and milk;

hence, the more efficient the producer, the higher must be the

ash content of the food.

My own investigations in this field consist of studies of the

chemistry of foods, and metabolism experiments with swine

and milch cows. I shall review briefly some of the conclusions

from this program of work.

Our studies on foods comprise a series of complete ash analyses,

with computations of the elements to normal solutions, these

data being considered in relation to the balance of base and acid

in the organism; also a study of the mineral nutrients of blue-

grass, and factors which affect the quantities present; and a

study of the iodine content of foods in relation to the prevalence
of goiter.
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It is an established fact of animal physiology that the vital

processes require the maintenance of a state of approximate

neutrality in the blood and lymph. Henderson has done much
to show how this balance of acid and base is maintained by
self-adjusting chemical and excretory equilibria. The mineral

elements of the food contribute to one side or the other of this

base and acid balance; and the extent and nature of this con-

tribution are matters of importance in relation to acid intoxica-

tion, even though this condition is not commonly caused by
the food. Our extensive series of ash analyses show that cereals,

meats, and eggs have acid ash, while fruits, roughages, vegeta-

bles, milk, and most legumes have alkaline ash. While healthy
animals have means of neutralizing all ordinary excesses of

acid in the food it is safest that the bases should predominate,
since we do not know that the neutralization of acids is always

accomplished without expense, and since in any such physiologi-

cal state as causes acid intoxication (and there are many such)
an excess of mineral acid to mineral base in the food is undoubt-

edly a matter of positive disadvantage.
Acid intoxication is met with most commonly in the feeding of

infants and older children suffering from fever, undernourish-

ment, or indigestion especially involving the fats of the food.

In these cases the use of whey in the diet furnishes mineral nu-

trients of value; and the administration of sodium citrate (1

to 2 grains per ounce of milk) is also a beneficial practise in that

it furnishes a readily oxidizable alkali salt. The presence of

this citrate is also favorable to the digestion of casein. Many
a so-called idiosyncrasy against milk protein has disappeared
under the influence of sodium citrate and a low-fat diet.

Our study of the mineral nutrients of bluegrass touches a

subject of deep significance. Through its habit of growth
grass is the great conserving factor in agriculture. As the basic

requirement of livestock breeding it makes for all the benefits

of this system of farming, especially the maintenance of the

fertility of the land and the maintenance upon the land of the

presence of the family of the owner. The permanent prosperity
of an agricultural community is assured by the excellence of

its grass lands.
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Now we have shown that the mineral nutrients of bluegrass

vary more than 100 per cent in accord with the fertility of the

soil. The skeletons of growing animals respond readily to the

mineral nutrients of the food. There is no definite upper limit

of phosphate deposit in the bones. The quality of the grass

must affect the quality of the bones; and strength and sound-

ness of bone favor long-sustained efficiency. Probably the

greatest strain to which the bones of animals are subjected is

in the service of our large, early-maturing horses on hard-sur-

faced roads and pavements. The most famous horse-breed-

ing center of the United States is a region of limestone soils and

luxuriant bluegrass which our analyses show to be unusually
rich in bone food. We have always bowed while the Kentuckian

asserts that his state produces the most beautiful women and

the finest horses in the world, and now we know that in so far

as these claims depend upon a superior quality of bluegrass

they rest on a substantial basis of fact.

It is also true that in many localities in this country, on im-

poverished soils, we find horses and cattle suffering from mal-

nutrition of the bones. This ailment is most common during

periods of rapid growth or milk production, especially during

and immediately after seasons of drouth and restricted food

supply. This condition responds readily to treatment with

calcium phosphate.

Among the several mineral elements present in foods in minute

quantities especial interest attaches to iodine, because of its

importance in metabolism. The only tissue in the bodies of

vertebrate animals which contains iodine in apparently essen-

tial relations is the thyroid gland. The iodine content of the

thyroid may be increased by the administration of iodine; one

of the active principles of the thyroid is its iodine-containing

constituent; and goiter in certain stages responds favorably to

iodine treatment. Further, there is a marked and continuous

local prevalence of goiter in many regions. These facts furnish

sufficient basis for our interest in the iodine content of foods.

In our study iodine was estimated in 927 samples of animal

and vegetable products. These products were in part common
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foods from the market; a large number were from the fertilizer

plots of the experiment stations of the country; others were

from regions of interest because of the extreme prevalence or

rarity of goiter; still others were products from an extensive

metabolism experiment with milch cows. The method of esti-

mation used was accurate to three-millionths of a gram of iodine.

About one food sample in five contained iodine. The amounts

present were usually too small for expression otherwise than as

traces. In 18 samples each of cow's milk, urine, and feces'no

iodine was found. Iodine was found in considerable quantity

only in agar and in Irish moss (from which blanc mange is made) .

No other seaweeds were examined. No iodine was found in

16 samples of table salt or in any one of seven kinds of nuts.

It is very rarely present in spices and condiments.

Among the animal products the only one containing iodine

in more than traces was hair and hoof, from swine, a sample

prepared in the course of a complete chemical accounting for

the bodies of some experimental subjects. Traces were found

in butter, in eggs, and in several kinds (but by no means in all

samples examined) of meat, fish, and Crustacea (shrimp and

lobster) .

Among the cereals iodine was found as an uncommon con-

stituent, usually in traces only. None of the fruits contained

more than the smallest recognizable traces of iodine, and very
few contained even so much.

Among the garden vegetables and root crops beets rather

commonly contained traces of iodine (9 samples out of 25),

and in one case a larger amount. Two out of three samples
of cucumber contained iodine; also one out of three samples of

celery. Iodine was found in single samples of endive, kohl

rabi, and lettuce. Among onions five samples out of 15 contained

iodine, and in parsnips two out of six. Six samples of potatoes

out of 21 contained iodine; it was also found in spinach and in

rhubarb. We found iodine in one sample of turnips out of 11,

but none in tomatoes, pumpkin, and squash.
Of the hays, silage, and forage crops about one sample in

four contained iodine. Among leguminous seeds iodine was
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found in 11 samples out of 32, more commonly among beans,

peas, and cowpeas than among soy beans.

The manufactured foods, and milling and manufactory by-

products contained iodine in 13 samples out of 25; of those con-

taining iodine 10 were made from cereals. The offal portions

of the grains are apparently richer in iodine than the more starchy

parts.

The more important sources of iodine in the human dietary,

then, are the garden vegetables, though some is also found in

the cereal foods and in several foods of animal origin, mostly
of the sorts less commonly used.

Among the foods used by livestock the more important sources

of iodine are the hay, silage, and forage crops, and also the mill-

ing and manufactory by-products, comparatively little being
found in -the natural grain foods.

No consistent or orderly geographic distribution of iodine

in foods was revealed; nor were there noticeable effects of the

type of soil or method of fertilization on the iodine content of

foods. We found nothing characteristic in the iodine content

of foods from regions where goiter was especially prevalent.

The iodine content of samples of the same crop from different

plots of the same field sometimes varied greatly.

The general conclusion from this study was that iodine is

a comparatively unusual food constituent and that its presence
is commonly accidental in the sense of standing in no essential

relation to the growth of the food products. Variations in the

iodine content of foods were not successfully correlated with any
associated conditions.

It is possible that the total iodine requirement of the organism
is gleaned from foods containing so little of this element that its

presence would escape detection by our best methods of esti-

mation. It is also possible that the iodine content of the drink-

ing water is of greater importance in relation to the cause of

goiter than is the iodine content of the foods.

The general effect of this study is to direct us elsewhere,

especially toward the metabolism of the organism, in our search

for the cause of goiter.
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We shall now consider the results of mineral metabolism studies

with swine. This subject is of especial importance in this con-

nection because no other animals are so grievously sinned against

in the provision of their mineral requirements. Several fac-

tors unite in bringing about this state of affairs. Among these

are the extreme rapidity of growth of improved hogs, the great

weight of fat carried, the early age at which reproduction and

lactation occur, the custom of rearing hogs in comparatively
close confinement, and the feeding of too little else than corn.

This combination of conditions often results in the crippling of

hogs during shipment to market, the breaking down of sows

while suckling pigs, and a general abbreviation of the period

of usefulness of breeding stock.

Our studies with swine have been on the specific effects of

corn and of supplements to corn, and a comparison of the nu-

tritive values of several pure compounds of phosphorus, these

studies having been conducted by feeding, slaughter, and car-

cass analysis experiments, and by metabolism investigations.

In these feeding and carcass analysis experiments the specific

effects of corn as an only food for growing swine were shown
to be, in general, a retarded development of proteid and bony
tissues and an over-development of fatty tissue. This results

in the production of fine-boned, poorly muscled, undersized,

and over-fat animals, which reach their limit of growth pre-

maturely and which are characterized by less than normal breed-

ing capacity. Impaired fecundity seems to result from dis-

couragement of proteid increase generally and from the lessened

circulation of blood in the female reproductive organs, this

last being caused by pressure of the excessive amounts of internal

fat which accumulate about these parts. With hogs fed on

corn alone, the bones, muscles, liver, kidneys, lungs, heart, and

spleen all compose an abnormally small proportion of the in-

crease in weight, and fat composes an abnormally large part of

the increase. The bones are lacking both in density, as indi-

cated by ash content, and in breaking strength.

Many of the specific effects of corn as an only food for grow-

ing animals are due to its insufficient content of protein and to
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the incomplete character of its largest protein constituent,

zein. The only effects which can safely be attributed to the

mineral constituents of corn are those affecting the skeleton.

In one experiment corn alone was compared with corn supple-

mented by soy beans, linseed oilmeal, wheat middlings, tankage,

and skim milk. The rations of corn alone and of corn and

soy beans produced the least bone. The rations of corn supple-

mented by tankage and skim milk produced the most bone.

Rations of cereals or other seeds will not produce normal growth
of bone in swine. These facts depend directly on the content

of these foods in the chemical elements which compose bone.

The proportion of calcium, magnesium, and phosphorus in

the bones tends strongly to remain constant, but may be modi-

fied to a certain extent by the limitations of the food. The
amounts of these elements in the bone, however, are susceptible

of much greater modification through the composition of the

food. Bone meal, when added to a ration which is low in cal-

cium and phosphorus, will greatly increase the ash and strength

of the bones. The change in external dimensions is slight, but

Increase in the density and thickness of the walls of the bones

may proceed indefinitely. The readiness with which minerals

may be deposited in the bones, the lack of a definite upper limit

of such deposit, and the readiness with which these minerals

may be withdrawn constitute the skeleton a true store of min-

eral nutriment.

We have not been able by any method of feeding, in confine-

ment, to produce bones as strong as are the bones of pigs raised

on pasture. It seems quite possible that exercise, as well as

food, has its effect to strengthen the bones through inducing

&n added avidity of the osteogenic cells for bone salts.

In a metabolism investigation with swine five pigs, all from

the same litter, were taken through eight 10-day collection

periods separated by 7-day intervals. The feeds, as in the

experiment last mentioned,, were corn alone, compared with

corn supplemented by soy beans, linseed oilmeal, wheat middlings,

tankage, and skim milk; also one ration was composed of rice

polish and wheat bran. The pigs grew normally, and stored
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nitrogen and sulphur liberally in each period, though, naturally,

less of these elements was stored from the ration of. corn alone

than from rations containing more protein.

Potassium was stored in all periods except one; strange to

say, the ration composed of rice polish and wheat bran was the

one in which this element was supplied in the greatest amount.

Animals have no means of storage of large amounts of potassium
salts. The large excretion of potassium on this maximum in-

take may be considered as a protective measure. In this case

the negative balance did not signify insufficiency.

Sodium and chlorine balances were much affected by the water

drunk. The intake of these elements would have been insuffi-

cient had not the amounts present in the foods been supplemented

by the use of salt. Those individuals which drank the least

water retained the most sodium and chlorine.

The more significant results of this experiment have to do

with calcium, magnesium, and phosphorus. These elements are

closely associated in metabolism. In the two rations where the

corn was supplemented by skim milk and by tankage (contain-

ing a considerable amount of bone scrap) the calcium retention

was 9 to 10 times as great as in any of the rations composed of

grains and other seeds and seed products. On rations of corn

alone, of corn and soy beans, and of rice polish and wheat bran

the calcium balances were negative; that is, more calcium was

given off in excreta than was received in the food. This result

emphasizes the fact that the cereals are very poor bone-foods.

The negative calcium balances from the ration of corn and soy
beans call attention to the fact that the phenomenally high cal-

cium content of legumes is true of the plants as a whole and not

of the seeds. This emphasizes the value of leguminous rough-

age as bone-food.

In these rations the retention of calcium was closely related

to the intake of the same, and not appreciably affected by the

excess of mineral acid. Physiologically, calcium and magnesium
are balanced opposites. An excess of magnesium in the blood

causes a counter-active liberation of calcium; but the propor-
tion of these elements in the blood does not follow closely their
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proportions in the food, and we did not find the calcium reten-

tion to be limited by an excess of magnesium in the food except

perhaps in one ration, composed of rice polish and wheat bran

and containing 12 times as much magnesium as calcium. In this

case the great excess of magnesium seems to have been unfavor-

able to calcium retention. This proportion seems not to be a

matter of practical importance in ordinary rations.

The phosphorus balances in these rations were always posi-

tive, but the retention was much below normal on the ration of

corn alone. The more important reason for this deficient stor-

age of phosphorus from corn was the lack of calcium, since

calcium was more deficient than phosphorus, and since neither

can be stored in large quantity except as they are combined in

the calcium phosphate of the bones.

There were large excesses of inorganic acid elements in these

rations. They were neutralized by ammonia. We observed

no evidence of acid intoxication. We do not have knowledge
of any such prevalence of acid intoxication in domestic animals

as that with which we are familiar in human beings.

The urinary ammonia excretion was found to vary in the

same order with the excess acid of the ration, providing that the

protein remained about the same in amount; but any consider-

able increase in the food protein also increased the urinary

ammonia.

Another series of experiments with swine dealt with phos-

phorus metabolism. Considering the phosphorus compounds
of plants and animals the most obvious distinction among the

various groups is that in certain of these the phosphorus is

organically combined, as part of the living tissue, while in others

it is present as simple salts of the mineral bases, either in solu-

tion, or deposited in supporting structures (in animals), or as

crystals or incrustations (in plants). Our object was to learn

whether organic and inorganic phosphorus in the food could

serve equally well all of the purposes for which the animal needs

phosphorus.
Our practical interest in the problem is due largely to the

relative availability of organic and inorganic phosphorus. Inor-
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ganic phosphorus may be had in unlimited quantities as pre-

pared from old bones and rock phosphate, and the inorganic

phosphorus content of foods may be greatly increased by the

fertilization of the soils upon which they are grown. Organic

phosphorus we get from such expensive foods as milk, eggs, and

beef, and from cereals. The organic phosphorus content of

foods is not susceptible of important modification by treatment

of the soil.

In this study we included orthophosphates because of their

cheapness and availability, hypophosphites because they are

so much used in human medicine, phytin as an especially abund-

ant phosphorus storage compound of vegetable foods, glycero-

phosphates because of their relation to lecithin, a universal cell

constituent, and nucleic acid because it is found in the nuclei of

all cells.

These compounds in the pure form were added to a low-

phosphorus basal ration in amounts contributing equal quanti-

ties of phosphorus. The subjects were growing pigs. Results

were obtained by the method of the metabolism experiment
and by the analysis of the carcasses of the animals.

It would seem, at first glance, that this problem should readily

yield to careful experimental investigation, but intimate ac-

quaintance has shown it to be extremely complicated and dif-

ficult. Many investigators have studied it, and the problem
has been finally answered many times but in many different

ways. If this problem is settled, in the end, as many such

subjects of controversy have been, most of those who have

studied it will be at first surprised, then chagrined, and then

gratified that so much of truth was found on both sides of the

discussion. Recent evidence has been mostly with those who
believe that inorganic phosphorus can serve all of the purposes

for which animals need phosphorus, but there is still much un-

controverted evidence that there are differences in the metabo-

lism of some organic and inorganic phosphoric compounds which

imply at least a greater usefulness of some organic compounds
for some purposes with some animals.
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In our work orthophosphates, gylcerophosphates, hypophos-

phites and yeast nucleic acid, when added in the pure form to

rations which are low in phosphorus but capable of maintaining

phosphorus equilibrium, were all to some extent absorbed and

retained.

Prominent differences were observed in the tolerance of the

pigs for these pure phosphorus compounds.. The limit of toler-

ance for glycerophosphates was not reached in any of our tests,

but the other compounds were not so well taken. These drugs,

when taken into the alimentary tract in quantity, in readily

soluble condition, produced marked specific therapeutic effects

which were, at least to a large extent, unrelated to fundamental

nutritive values, and were likewise different from the effects of

the same compounds as occurring in their natural physical and

chemical relationships in foods. It is, therefore, impossible

to state, from investigations of this sort, on pure compounds,
what may be their nutritive values in common foods.

That the particular organic compounds used in this investi-

gation (nucleic acid, phytin, and glycerophosphates) have

nutritive values, to growing swine, superior to simple inorganic

phosphates was not shown. No fundamental differences in

the methods of usefulness of the phosphorus compounds studied

were established, though, under our experimental conditions,

they differed greatly in the extent of their usefulness; for in-

stance, glycerophosphates were acceptable and useful in large

quantities, the limit of which was not reached in our work;

orthophosphates were distinctly less acceptable; phytin and

nucleic acid were tolerated in still smaller amounts; while hypo-

phosphites were the least acceptable of all. Still, so far as our

results indicate, these compounds were all useful in the same way.
No basis was discovered for a differentiation between the

nutritive values of organic and inorganic phosphorus compounds

generally. It should be borne in mind, however, that no repre-

sentatives of the two classes, phosphoproteins and lecithins,

were included in this investigation, and results obtained under

conditions of such rigid experimental control may not accurately

represent the facts under optimum, normal conditions of life.
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These results are not considered to controvert evidence as to

specific therapeutic effects of these phosphorus compounds in

relations other than those considered in this study.

Even granting the debated superior nutritive value of organic

or inorganic compounds of phosphorus, however, it is undoubted-

ly a fact that the organic phosphorus content of the animal body
is a very small part of the total phosphorus, and as certainly

true that a very much larger proportion of organic to inorganic

phosphorus prevails in the diet of all omnivora and herbivora

than in the bodies of these animals; and as for carnivora, the

consumption of flesh and bones together would give them ap-

proximately the same proportion of organic to inorganic phos-

phorus in the diet as in their own bodies. It would seem, there-

fore, that for purposes of growth, the usual diet of. animals must

contain a sufficiently large proportion of organic to inorganic

phosphorus. In this relation, then, the important considera-

tion is simply one of the total phosphorus of the ration, and

any such supplemental phosphorus as is to be added to the diet

of the healthy, growing animal may be added as inorganic

phosphate.
The amount of phosphorus which an animal will tolerate,

when added to the ration in readily soluble form, is definitely

limited at an amount much less than will be acceptable in its

natural relationships in foods.

It seems unlikely that, with grown or growing animals, any
ration composed from natural foods, and supplying the nitro-

gen requirement, will fail to furnish enough total phosphorus
to maintain phosphorus equilibrium. That many such rations

are lacking in the amount of phosphorus essential to maximum
retention and growth, however, is as certainly true.

The results of our experiments indicate that the possibility

of influencing, to a practical extent, the relative development of

tissues and organs of livestock by the addition of isolated com-

pounds of phosphorus to the ration is probably limited to the

density and strength of the bones; but this is not saying that we

may not be able by the use of these same compounds profoundly
to influence physiological functions.
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Throughout these studies of the influence of foods upon the

nutrition of swine numerous effects of the mineral constituents

of the rations on minor details of qualitative composition of

the tissues have been noted, but the importance of such effects,

as related to the functions of the parts, has not been demon-
strated.

Our latest study in mineral metabolism was with cows. The
milch cow greatly excels any of the other farm quadrupeds in

the rapidity and efficiency with which she produces proteid and

mineral nutriment. This unrivaled productive capacity calls

for as unusual supplies of the kinds of nutriment involved.

So far as protein is concerned this requirement is amply recog-

nized; but, with almost no evidence on the subject, we have

assumed that the cow's mineral requirements are fully met with-

out any attention being given to the matter. Our results show
this assumption to be unwarranted and untrue.

Six cows were used in this study, in two groups of three each.

Each cow was taken through three experimental periods, usually
of 19 or 20 days' duration, separated by 10-day intervals. The
excreta were caught by attendants sitting behind the cows.

Complete ash analyses, as well as ordinary proximate analyses,

were made on foods, milk, urine, and feces.

We found that liberal milk production, on common practical

winter rations fed in quantities sufficient to maintain the live-

weight and to cause regular and extensive nitrogen and sulphur

storage, caused large and consistent losses of calcium, magnesium,
and phosphorus from the skeleton. These losses occurred in

spite of liberal supplies of these nutrients in the food. The very
limited response of the cows to large increase in the intake of

these elements suggests that the selective improvement of the

milch cow, for milk production, has outrun her capacity to digest

mineral nutrients. A further study is in progress in which we

hope to learn whether under any circumstances it is possible

to protect the cow from loss of minerals during heavy milk

production.

An extensive metabolism of silicon was demonstrated; and an

excess of inorganic acids over inorganic bases in the ration, due
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largely to the silicon of timothy hay, caused an acid reaction

and an increase in the ammonia of the urine.

From this study it appears that a failure to maintain mineral

equilibrium must be so common among cows of the more profit-

able sort that it may be considered a normal condition during
the time of larger production, at least if this occurs during the

winter, that is, while the cows are off from pasture.

A common failure of cows to maintain exceptionally high

production during consecutive periods of lactation may be due

to mineral depletion, as may also be a frequent failure of cows

to breed after having been subjected to a period of forced pro-

duction, as in the establishment of records.

Since extensive milk production is sustained, in part, by drafts

upon the mineral reserves of the body; since this process can

not continue indefinitely; and since there is in cows a gradual

shrinkage- and final cessation of milk production coincident

with this depletion of nutrient reserves, it is believable that this

mineral exhaustion may be among those factors which cause the

gradual shrinkage of milk, and that by preventing, as largely

as possible, these losses from the body we may be able to lessen

the shrinkage and to extend the duration of the production of

milk.

The results of this study indicate that especial attention should

be given to the calcium, magnesium and phosphorus contents

of the rations of heavily-producing cows, in order that the loss

of these elements from the skeleton may be kept as low as pos-

sible; and a liberal supply of foods rich in these elements should

be allowed after a cow has ceased to produce heavily, during
the latter part of the period of lactation, in order to refund pre-

vious overdrafts before the birth of the next calf.

It is impossible, of course, to draw any one conclusion which

will express the full significance of so varied a program as that

which I have reviewed with you, but to me the results of these

studies have appealed, more than in any other way, as related

to the service of lime and legumes in agriculture.

Calcium is very much the most abundant mineral in the ani-

mal body. Physiologically it is the great mineral stabilizer.
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Practically, it is much more frequently lacking in the food of

men and animals than is any other mineral nutrient. Lime as

applied to the soil liberates organic nutriment and enriches the

grass in calcium. It stimulates the growth of grass and makes it

a better food for animals. In a sense, "All flesh is grass." Lime
also maintains in the soil conditions favorable for the growth
of legumes. The legumes draw heavily. upon this lime and

furnish it to animals in quantities not approached by any other

food plants. Through the activity of the bacteria which cause

their root-nodules they are enabled not only to store nitrogen

in abundance but also to feed the grasses with which they are

associated. Thus the lime in the soil favors the growth of le-

gumes. Lime and legumes favor the growth of grass. Grass

and legumes control the breeding of livestock. Grass, legumes,

and livestock control the destinies of nations.
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PHYSIOLOGY. The importance of vitamines in relation to nu-

trition in health and disease. 1 CARL VOEGTLIN, Professor of

Pharmacology, United States Public Health Service.

The purpose of my- lecture is to give you a brief outline of the

most recent phase of the science of nutrition; namely, the impor-

1 A lecture delivered before the Washington Academy of Sciences, April 28,

1916.
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tance of the presence in the diet of man of small quantities of

substances essential for the maintenance of health. Untilvery

recently physiology taught that the human diet should meet the

following requirements : (1) It should contain an adequate amount
of protein, fat, carbohydrate, and inorganic salts; and (2) the

daily ration should conform to certain definite requirements in

regard to its caloric or fuel value. Once th^se requirements were

met the diet was considered as being physiologically satisfactory.

However, a number of unexplained facts did speak in favor

of the assumption that the human diet should also contain some
other substances, so-called accessory dietary constituents. For

instance, it has been known for some time that scurvy is a disease

which occurs in man and certain higher animals when the diet

does not contain fresh vegetables or animal foods. Epidemics
of scurvy broke out on sailing vessels when the crew was forced

to live for several months on such food as canned beef and dried

cereals to the complete exclusion of food in the fresh state.

During the siege of Paris in the year 1871 part of the population
was also deprived of fresh food and an epidemic of scurvy

appeared. Scurvy was apparently due to the lack of fresh food

in the diet. This conception of the cause of scurvy is supported

by the fact that a corresponding change of diet and especially

the administration of fresh milk or lemon juice leads to a rapid

recovery of most cases affected by this disease. Hence, we might
conclude that there exist in fresh food some substances which

are essential for the prevention of scurvy. These substances

may be designated as antiscorbutic substances. As stated pre-

viously, they have no direct relation to the other known dietary

constituents such as the proteins, carbohydrates, fats, and salts.

The chemical composition of the antiscorbutic substance is still

unknown, although numerous fruitless attempts aiming at its

isolation have been made. All we know about this substance is

that it is fairly stable in acid media. This is probably the reason

why lemon juice with its high acidity is the classical preparation
used in the prevention and treatment of scurvy. For the same
reason fresh .milk, having a neutral reaction, on being exposed
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for a considerable length of time to a temperature exceeding

100C., loses its antiscorbutic properties and when forming the

exclusive diet of children may give rise to infantile scurvy, or

Barlow's disease.

Another interesting disease which has been shown to be caused

by a diet deficient in the above sense is beri-beri. This disease,

being especially prevalent in eastern countries, as Japan and the

Philippines, is a disease of the nervous system, and appears in

people having lived for several months on a diet which consisted

mainly of highly milled (white) rice or wheat. It is interesting

to note that this disease is not so apt to appear if the rice forming
the diet is not deprived of its outer layers, including the so-called

aleurone. Evidently the whole rice grain meets all the require-

ments of a diet for the prevention of beri-beri. Although beri-

beri was known to occur for centuries in the East, many students

of this disease were struck by the intimate relation which seemed
to exist between the prevalence of the disease and the intro-

duction of highly milled (white) rice. In prisons where the

highly polished rice was substituted in the diet of the inmates

for the rice of lower milling, epidemics of beri-beri seemed to

follow this dietary change. Time does not permit me to go into

further detail concerning the many interesting observations which

were made in the study of the dietary peculiarities of this disease.

It may suffice to say that Eykman, a Dutch investigator, by
accident discovered in 1897 that chickens fed exclusively on

white rice developed within three to four weeks a disease which

he considered as practically identical with human beri-beri.

This discovery marked the beginning of the epoch of the sys-

tematic study of this disease, and opened up a new field for

nutritional studies. By means of chickens or pigeons whichhad

developed symptoms of experimental beri-beri it was possible

to test the therapeutic value of food extracts of assumably pro-

phylactic and curative properties. Thus it was soon found that

extracts made from rice polishings representing the outer por-

tions of the rice kernel brought about a cure of birds affected

with the disease. Efficient extracts were also prepared from
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beans, brewers' yeast, and many other raw products. These

same extracts were also shown to have some curative value in

cases of human beri-beri.

Before entering into the question of the chemical isolation of

these curative substances, I should like to call attention to the

work of some American investigators which furnished additional

evidence as to the importance of some acc^soory food constitu-

ents essential for normal growth. McCollum, Osborne, and

Mendel found that a diet of purified protein, fat, carbohydrates,

and mineral salts was inadequate for the maintenance of the

normal growth of young rats. These discoveries were in contra-

diction to the previously held conceptions of growth. The diet

of these rats was in every respect balanced from the point of

view of its content of protein, carbohydrate, fats, and salts, yet

normal growth was not observed in rats fed exclusively on this

artificial diet. There was obviously something lacking in this

diet, which was essential for normal growth.

CHEMICAL ISOLATION OF VITAMINES

Having definitely established the presence in certain foods of

unknown accessory food components, it became a matter of con-

siderable importance to determine their chemical nature and

physiological action. An enormous amount of energy and time

on the part of investigators interested in this question was

necessary to obtain our present knowledge of these substances.

Preliminary experiments showed that the antiscorbutic and anti-

neuritic substances 2 could be extracted from certain foods by
means of water. The antineuritic substances were also found

to be soluble in alcohol. By submitting these primary extracts

to further chemical purification various workers succeeded in

preparing fractions which seemed to be fairly pure and possessed

high curative properties. We are especially indebted for this

pioneer work to Funk and Suzuki and their collaborators. Funk,
in 1912, succeeded in devising a method which led to a product

2 Antineuritic substances prevent beri-beri and polyneuritis in birds.
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of high physiological activity. Two to three milligrams of this

substance (that is to say, an exceedingly minute amount) pro-

duced a cure of completely paralyzed pigeons sometimes within

two to three hours. This substance was obtained in crystalline

form, being composed of small needles. The substance seemed

to have a definite melting point (233), and on analysis contained

carbon, hydrogen, nitrogen, and oxygen. The properties of the

substance in regard to its behavior toward various precipitating

agents seemed to warrant the conclusion that it was an organic

base; this led Funk to designate this substance aavitamine, from

vita (life) and amine, meaning that this substance was an amine

essential for life. It is true enough that Funk did not have

sufficient evidence to prove that the substance was an amine in

the chemical sense, nor did he know whether or not other acces-

sory food substances belonged in the same chemical group. How-

ever, he applied the term vitamines to the substances preventing

beri-beri and scurvy. These diseases were called deficiency dis-

eases or avitaminoses, meaning that the diet which gives rise

to these diseases is deficient in certain vitamines. I fully realize

the objection which might be, and has been, raised to the use of

the term vitamine; at the same time we may, for the present at

least, accept this designation, as it is brief and undoubtedly has

some truth in it, as these substances are essential for normal life.

The work of Funk and Suzuki has been repeated and some-

what elaborated during the last three years by a number of other

investigators. The main difficulty which presented itself in the

study of these substances was the fact that with the available

methods only small amounts of the relatively pure substances

could be obtained from hundreds of pounds of the most suitable

raw material, such as yeast and rice polishings. Realizing this

difficulty, work was started over a year ago at the Hygienic

Laboratory, and somewhat later at the Pellagra Hospital of the

U. S. Public Health Service, in search of improved methods for

the isolation of vitamines. I am glad to say that the work

resulted fairly successfully, although it is by no means com-

pleted. For each raw product it seems necessary to make some
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modification in the method, in order to obtain the maximum

yield. Thus, Dr. Seidell succeeded in removing practically all

of the antineuritic vitamine from an active solution of autolyzed

yeast filtrate by means of a special preparation of kaolin, or

fullers' earth. It was found that the so-called Lloyd's reagent

(hydrous aluminium silicate) removes the vitamine from auto-

lyzed brewers' yeast. We must assume that this reaction is

based on adsorption, a view which will be referred to later.

Vedder and Williams had previously shown that animal charcoal

will also remove the antineuritic vitamine from an extract of

rice polishings. Furthermore, Funk had observed that kaolin

removed the antiscorbutic vitamine from cow's milk. We were

able to show quite recently that mastic, a resin, also removes

the antineuritic vitamine from an autolyzed yeast solution. Dr.

Seidell demonstrated that his preparation of vitamine was fairly

stable and inasmuch as it is very easily prepared and at low cost

this preparation may be expected to be of value in the treatment

of certain deficiency diseases. The preparation is being tested

clinically at present. The work along this line at the Pellagra

Hospital has also yielded encouraging results. Dr. Sullivan and

myself have succeeded in modifying Funk's method in such a

way as to give a much better yield and a fairly stable preparation.

I now shall call your attention to some other results ob-

tained by Williams, of the Bureau of Chemistry. Williams

prepared some oxypyridines, and on testing these substances on

pigeons found that they effected a temporary cure in doses of

about 1 mg. This is a most interesting observation. Suzuki

and also Funk had previously isolated nicotinic acid from the

crude vitamine fraction of rice polishings and yeast. Funk had

expressed the opinion that nicotinic acid may be part of the

vitamine molecule. It is, therefore, very important that Williams

should have discovered the antineuritic properties of some pyri-

dine derivatives, especially as nicotinic acid is also a pyridine

derivative. This latter substance, however, has no curative

action. Whatever may be the final solution of the chemical

constitution of this vitamine, whether the synthetic product has
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any chemical relation to the natural vitamine or not, the work

just referred to is certainly exceedingly interesting.

CHEMICAL PROPERTIES OF VITAMINES

At present relatively little is known regarding the chemical

and physiological properties of vitamines. Some facts, how-

ever, have been established. The antineuritic vitamine, for

instance, is present in the natural foods, largely in a combined

form which is soluble in 90 per cent alcohol, or water. This

mother substance can be split into the physiologically highly

active substance by acid hydrolysis or autolysis by means of

enzymes. Very little is known as to the chemical nature of the

mother substance of this beri-beri vitamine. The observations

that foods rich in lipoids are also rich in vitamines and the solu-

bility of the mother substance in alcohol might lead to the belief

that vitamines enter into the molecule of certain lipoids, an

assumption which recent experiments by Sullivan and myself

have made highly improbable. The antineuritic substance is

probably not in combination with carbohydrates, as the starchy

part of cereals seems to be extremely poor in this substance.

The probability that certain parts of the protein molecule (nucleic

acid) may hold in combination the active substance is still open
for consideration.

A fact of fundamental importance is that vitamines are fairly

susceptible to temperatures above 100C. A large number of obser-

vations made on man and experimental animals show that the

prolonged heating of most of the natural foods to a temperature

of 120 for one to three hours will destroy most of the physio-

logical activity of the vitamines originally present in these foods.

Beef which is submitted to such treatment is found to lead to

symptoms of scurvy in man, if forming the exclusive diet to-

gether with other food deficient in vitamines.

The vitamines which prevent scurvy and beri-beri seem to be

fairly resistant to strong acids. As a matter of fact certain acids

seem to prevent the deterioration of vitamines. On the other

hand, strong alkalies under certain conditions seem to destroy

the physiological activity of vitamines; at least, at higher tem-

perature. The behavior of vitamines to acids and alkalies is of
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great importance from a dietary point of view, as we shall see

later.

In closing this chapter I should like to raise one more ques-

tion, namely: Do vitamines occur in colloidal form? Although
this question is of a highly technical nature, I do not feel that

I can omit giving it some consideration. I have already stated

that certain adsorbing agents, such as charcoal, kaolin, and mas-

tic, remove the vitamines from autolyzed yeast solutions, as well

as milk. Now we know that these reagents remove substances

by means of adsorption, a physico-chemical process character-

ized by a particular property of the surface of some finely divided

substances to condense on it other substances of a similar nature.

In order that such a condensation can take place, the adsorbing

as well as the adsorbed substance must be in the colloidal state.

We have, therfore, good reason to assume that vitamines may
occur in the colloidal state. If this should be proven beyond
doubt by future investigations, it certainly would help in explain-

ing the remarkable physiological action of vitamines.

PHYSIOLOGICAL ACTION OF VITAMINES

As to the physiological action of vitamines, but very little is

known at the present time. Of course, we can easily demon-

strate the relief of the paralytic symptoms of polyneuritis in birds

by means of vitamines, but we know very little as to the physio-

logical mechanism by which the symptoms are removed. Any-

body who has ever observed the effect of an active preparation

of vitamine on a completely paralyzed pigeon must be impressed

by the marvelous action of these preparations. The animals

may look as if on the verge of death, exhibiting a complete

paralysis of the voluntary muscles, accompanied with a deep

and abnormally slow respiration and a weakened heart action,

yet the injection of a few milligrams of active substance will

change the picture often completely within three hours. At the

end of this time the bird may be seen walking about normally,

and greedily eating the food which he had refused before the

treatment was initiated. To the pharmacologist the clinical
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picture appears to possess all of the earmarks of an intoxication.

The rapid recovery might be considered as an antagonistic action

of the vitamine to some toxic product contained in the tissues

of the animal. This leads me to mention a very striking rela-

tion that exists between the beri-beri vitamine (antineuritic) and

carbohydrate metabolism. Funk, and Braddon and Cooper
observed that for each gram of carbohydrate in the diet there

must also be present a certain minimal quantity of vitamine, in

order to prevent the occurrence of experimental beri-beri in

pigeons. If the carbohydrate or starchy component of the diet

is increased, the vitamine content must be increased accordingly.
This explains some of the earlier observations that a diet rich

in carbohydrates is more apt to give rise to the appearance of

beri-beri in man. It is possible that in the absence of a sufficient

vitamine content of the body the intermediate products of carbo-

hydrate metabolism may exert a toxic action of some kind which
is antagonized by the administration of a sufficient amount of

vitamine. So far the natural vitamines were shown to be devoid

of any toxic action, if given in moderate doses.

It is of prime importance to state here that the animal body is

not capable of manufacturing the known vitamines from vitamine-

free food. All of the higher annuals, including men, receive their

vitamine supply directly or indirectly from plants. It is the

plant that synthesizes the vitamine, and we obtain our necessary
vitamine supply either by eating vegetable food or animal food.

Cows store up in their bodies the vitamines which they consume
in their fodder; part of it is secreted with the milk, supplying the

calf with the necessary vitamines, as well as furnishing a valuable

source of vitamine for man. Chickens transfer part of the vi-

tamine content of their cereal food into the eggs they lay. It is

the plant which keeps up the vitamine supply essential for animal

life. The plant is capable of building up the vitamine from

simple inorganic compounds, another example of the wonderful

synthetic power of plants.

What becomes of the vitamines in the body of animals? This is

a very pertinent question, which is not easily answered. Some

years ago Funk was able to obtain a small quantity of anti-
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neuritic vitamine from dried ox brain. A little later Dr. Towles

and myself were able to demonstrate the presence of this sub-

stance in crude extracts from the spinal cord which was free from

blood and other contaminations and, therefore, represented, to a

f large extent, nerve cells and nerve fibers. From this it would

appear that the antineuritic substance under normal conditions

forms an essential part of the nerve cell a*nd fiber and that its

presence in nervous tissue in sufficient amounts is essential for

the proper function of this organ. When the vitamine content

of the nervous tissue is no longer replaced by an adequate supply

in the diet, degeneration of the nervous tissue begins. In this

connection I also call attention to the fact that lipoids and

antineuritic vitamine seem to be distributed in the body in

similar proportions. This may be due to the lipoid solubility

of the antineuritic vitamine. Another point of importance is

that the animal body has the capacity of holding on to its vi-

tamines. If we change the diet of man from one sufficient in

vitamines to one deficient or free of vitamine, we find that as a

rule it takes several weeks and even months before obvious and

well defined symptoms of deficiency diseases appear. One might
ask why the body does not react more rapidly to a deficient diet.

Apparently the initial vitamine content of the body, which in

absolute terms probably amounts to only a few grams in a

person weighing 100 pounds, is not easily used up or eliminated

together with the excretions. The katabolism of vitamines, if

there is such a thing, must be extremely slow. If my statement

that vitamines may occur in the colloidal state be correct, and

we have seen that a number of facts seem to prove this assump-

tion, it is very likely that certain other body colloids may fix

the vitamines in the tissue fluids by means of adsorption. Traube

has shown that certain alkaloids with very powerful and pro-

longed physiological action occur in the form of colloids. The
fact that these substances are colloidal may be one of the reasons

for their powerful physiological activity, especially as the recent

teachings of biochemistry seem to support the view that life

itself is largely dependent on the colloidal state of living matter.

Before closing the chapter of the physiological action of vi-
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tamines it may be well to point out that recent experiments have

demonstrated that normal growth of certain higher animals, and

probably also of man, requires a diet which must be sufficient

in certain accessory foods or vitamines.

DISTRIBUTION OF VITAMINES IN FOODS

From the practical point of view of human nutrition it is

highly desirable to know something of the distribution of vi-

TABLE 1

ANTI-NEtTRITIC PROPERTIES
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foods to prevent an outbreak of scurvy or beri-beri. The average
mixed diet is composed of animal food, which, with few excep-
tions (meat fat), is relatively rich in vitamine, and vegetable
food. The latter may contain sufficient vitamines (legumes)
or may be relatively deficient in this respect.

FACTORS WHICH TEND TO REDUCE THE VITAMINE CONTENT OF THE
DIET

The food supply of the human race is, however, subjected to

various changes which may lead to more or less radical changes
in the nutritive value and availability of certain foods. The
trend of modern civilization, leading to the concentration of the

populatiqn in large cities away from the source of food produc-

tion, has strongly influenced the methods of food production and
with it also the composition of some foods. This whole ques-
tion was discussed in an excellent address by Prof. L. B. Mendel
before the Second Pan-American Scientific Congress, held in

Washington last December. It remains for me only to point
out the changes in the food supply which have affected the

vitamine content of our diet. We can state without exaggeration
that this country has led the world in the introduction on a

large scale of modern methods of food production, preservation,
and conservation. A number of industries have seen radical

changes in modern times. I have only to refer to the develop-
ment of the canning industry, the packing houses, and the great
cereal mills, in order to illustrate this point. These changes,

together with increased transportation facilities, have resulted

in a wonderful change of our whole economic life. Whereas,

people a hundred years ago used to live largely on food raised

in this country, the market basket of today is made up of food

coming from all parts of the world. The diet of the population
of larger cities, and to a lesser extent that of the rural districts,

has been subjected to great changes. Nowadays, we are able to

purchase all the year around foods which formerly were only
available at certain seasons. New foods have appeared on the

market. Without these changes in food supply, food produc-
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tion, and preservation the development of our.modern industrial

life would have been utterly impossible, as it is a very essential

thing that people should be properly fed. The pertinent ques-

tion arises: Have these changes in our diet affected its nutritive

value favorably or unfavorably? It is perfectly evident that

such a question is not answered without a great deal of thorough

investigation. All I can say today is that it seems that the diet

of a certain proportion of the population may have been mate-

rially improved in recent years, leading to a greater variety of

dietary components. On the other hand, I firmly believe, as

a result of personal observations in a limited portion of the

South, that the diet of some Southern people has markedly
decreased in nutritive value from the point of view of its vi-

tamine content. This is especially true of people living under

rather poor economic conditions. I observed that the poorer

people usually were unable to obtain the more expensive foods

like beef, or other fresh meat, eggs, and milk, foods which are

relatively rich in vitamines. Their diet was largely composed
of cereal products, pork fat, carbohydrates in the form of molasses

or corn syrup, and a few canned products. During the summer,
and less so in the winter, fresh vegetables also were procured,

some from their own gardens. The following table is an example
of the yearly food supply of a family of cotton mill workers in

Spartanburg County, South Carolina.

This dietary record is representative of a fairly large percent-

age of the cotton mill workers of this section of the South. It

should be emphasized that the wheat flour which is used by these

people is highly milled (patent) and forms perhaps the most

important staple article of the diet. The diet as a whole must

be considered as deficient in antineuritic vitamines, with the

exception of the beans, which this family raised in their garden.

During the winter time the cereal products, namely, wheat flour,

corn meal, and grits, and pork fat (fatback) form the bulk of the

diet. It is evident, therefore, that under these conditions it is

important that the vitamine content of the cereal products should

be sufficient, in order to prevent the consumption of a deficient

diet. From the point of view of public health it is of considerable
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importance that the bread supplied for human consumption
should contain the highest possible nutritive value.

TABLE 2

EXAMPLE OF YEARLY FOOD SUPPLY OF A FAMILY OF COTTON MILL WORKERS
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ents, such as fresh milk, buttermilk, molasses, et cetera. The

wheat flour or corn meal was obtained by simply crushing the

whole grain between stones, by various means, to the desired

degree of fineness. The resulting flour or corn meal, from which

the coarser particles of bran were partly sifted out, was then

used for baking bread. Accordingly, the bread contained practi-

cally all of the nutritive elements of the whole grain. During
the last fifty years, however, radical changes have taken place,

with the tendency of reducing considerably the vitamine content

of bread.

The introduction of the roller mill system into the United

States in 1878 represents probably the most important change
in this direction. By means of the roller process it was made

possible to separate more or less the various parts of the kernel,

namely, the germ, or embryo, the bran, and the endosperm, or

starchy part. The latter represents the bulk of the fine (patent)

flour, which, on account of its white appearance, appealed to

the housewife as an assumably purer product. Accordingly the

germ and bran were largely discarded as human foods. While

it is quite true that the highly milled products (wheat flour, corn

meal, corn flour, and grits) obtained by the roller process are

far superior to whole wheat flour and the old-fashioned corn

meal, as far as the keeping qualities are concerned, at the same

time this modern process deprives the finished products of some

of their vitamine content, an assumption which has been amply
verified in some recent work by Myers and myself. These sub-

stances are located in the intact kernel in the outer layers (aleu-

rone layer) and probably also in the germ.

Fowl, the classical experimental animal for the physiological

estimation of the vitamine content of foods, will live in perfect

health for many months on an exclusive diet of wheat, corn,

whole wheat flour, or so-called water-ground corn meal. If these

animals are fed, however, on highly milled products, they will

die within a month or two of polyneuritis, a disease very similar

to beri-beri. There seems, therefore, to exist a perfect analogy

between the well known relation of the polishing of rice and its

nutritive value, and the milling of wheat and corn and the
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nutritive value of wheat flour and corn meal. As stated pre-

viously, numerous observations have demonstrated the fact that

if the diet of people is largely made up of highly polished rice

and is otherwise deficient in vitamines, beri-beri will make its

appearance; whereas, if undermilled rice is substituted for the

highly milled variety the disease is not so likely to break out.

Little3
reports an epidemic of beri-beri among the fishermen of

Newfoundland who lived mainly on bread made from highly
milled wheat flour.

From these considerations it would appear that a simple
method for the determination of the vitamine content of cereal

products would be of great value. Unfortunately it is still

impossible to base such a method on the direct isolation of

these substances from the natural foods. The determination of

the total phosphorus content of these products, however, seems

to give a fairly accurate index of the relative amounts of vitam-

ines present. While phosphorus does not enter into the vitamine

molecule, the distribution of phosphorus and vitamines within

the grain run practically parallel. Eraser and Stanton, on the

basis of a large number of observations and analyses, came to

the conclusion that rice containing less than 0.4 per cent of P205

is deficient in vitamines. Myers and myself have used this

method in order to correlate the vitamine content of wheat and

corn products as found by animal experimentation with that of

the quantitative estimation of the P2 5 content of these same

products. Without going into detail it was found that in the

case of these cereals the same relation exists between P2O5 and

vitamine content as in the case of rice. (See Table 3).

We believe that the determination of the P2O5 index will be

found of value in all cereal products, except the so-called "self-

rising flours." These latter products contain baking powders
which often are composed of phosphates. As the label of these

flours always indicates whether baking powder has been added,

it will be an easy matter to discard such flours for this purpose.

I now should like to call attention to another factor involved

'LITTLE. Journ. Am. Med. Assoc., 68: 2029. 1612.
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in the reduction of the vitamine content of corn bread. This

concerns the use of baking soda in the preparation of bread. Simul-

taneously with the introduction of highly milled corn meal it was

found that this product, when mixed with salt and water, did

not yield a bread of the same lightness as the old-fashioned meal.

Housekeepers, therefore, began to resort to artificial leavening.

Baking soda (sodium bicarbonate) became very popular among

TABLE 3

SUMMARY OF EXPERIMENTS
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erates carbon dioxide from the baking soda (sodium bicarbonate)
and the latter is transformed into sodium carbonate, a strong
alkali. The evolution of CO2 causes the bread to rise. Recent

experiments by Sullivan and myself have clearly demonstrated

the destructive action of alkalies, uuder certain conditions, on vi-

tamines. These substances lose their physiological activity when

exposed to alkalies, this being especially true at higher tempera-
ture. Corn bread made from old-fashioned (whole) corn meal,
sweet milk, and soda, when forming the exclusive diet of chickens

leads to symptoms of polyneuritis, whereas, corn bread prepared

TABLE 4

LABORATORY NUMBERS OF ANIMALS
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chickens were fed on corn bread of the following composition:
600 gm. of corn meal, 800 cc. of sweet milk, and 10 gm. of baking
soda. Chickens fed on corn bread made with 600 gm. of corn

meal, 800 cc. of sweet milk and 10 gm. sodium chloride did not

subsequently exhibit at any time symptoms of polyneuritis.
4

It should be strongly emphasized, however, that the old fash-

ioned way of combining baking soda with butter-milk in the

preparation of bread is a perfectly harmless procedure, provided
that sufficient butter-milk is added to neutralize fully the alka-

linity of the baking soda. The label of the brand of baking
soda in use in Spartanburg County, South Carolina, clearly

states that butter-milk or tartaric acid should be added in order

to obtain the rest results. The prevalent use in that section of

the country of baking soda without butter-milk or tartaric acid

seems to be due to the lack of knowledge on the part of the

housewives, as well as to the fact that it is often very difficult

to obtain butter-milk.

We do not mean to imply that the use of baking soda will

always lead to an injurious action on the health of persons eating

bread prepared by this method, although such bread is undoubt-

edly deficient in vitamines. However, when the other dietary

components, outside of corn bread, are also deficient in vitamines,

the consumption of corn bread made with baking soda accentu-

ates this dietary deficiency and may lead to an impairment of

health. The same statement holds true in the case of highly

milled cereals.

A few words about the effect of food preservation on vitamines

may not be out of place here. Various methods have been in

use for this purpose. Simple drying at ordinary temperature of

such food as legumes, cereals, etc., has been in vogue for many
centuries. In the absence of moisture, food decay does not take

place. Drying, however, seems to reduce the content of foods

in antiscorbutic vitamines. The antineuritic vitamine, on the

4 One'chicken of this series, however, developed after a very long time symp-
toms of paralysis which were relieved by the administration of vitamine.
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other hand, is only slightly affected by this treatment. 5
Salting

and smoking food is also commonly resorted to. Little is known
as to the effect of these last mentioned methods of preservation

on the vitamine content. Another method of food preservation

which has assumed immense proportions within the last 50 years

is the canning of food. The process of canning was discovered

in the time of Napoleon the First, who offered a prize to the

scientists of his country for a method of preserving fresh foods.

Appert received the prize, as he was able to show that food

exposed for some time to the temperature of boiling water and

kept from contact with the air could be stored for a considerable

time without danger of decay. This process was used to a

limited extent in the period immediately following its discovery,

but the credit belongs to this country for having put it on a

large scale, until nowadays nearly everybody consumes part of

his diet in the form of canned foods. It seems important, there-

fore, to determine whether or not canning of food deprives the

food of some of its vitamine content. Experiments having this

idea in view have been made by myself and -others on a small

scale, but it is altogeher too early to draw any definite con-

clusions. Thus, several statements can be found in the litera-

ture pointing to the destructive action of the canning on the

antineuritic vitamine present in fresh meat and fresh milk. On
the other hand, I have been able to show that canned peas and

beans seem to retain a considerable amount of antineuritic

vitamine. Such questions should be given considerable atten-

tion, keeping in mind, however, that the benefits derived from

the fact that canned foods are available for human nutrition are

very considerable. This statement applies equally well to the

milling of cereals. While it is of prime importance to preserve

the full nutritive value of foods, at the same time it is imperative

that we also consider the great benefit which our modern methods

of food production and food preservation have yielded. Any
deficiencies in these methods from the point of view of the

5 Hoist and Froelich in 1907 succeeded in producing scurvy in guinea pigs by
means of an exclusive diet of dry cereals.
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preservation of vitamines which might possibly be discovered in

the future should be removed if possible without disturbing the

normal continuation of these valuable industries.

OUTLOOK

Looking back over the history of the discovery of the acces-

sory foods and especially the vitamines, we at once realize that

it has opened up a new field of investigation, undreamed of a

relatively short time ago. Fundamental problems in physiology,

pharmacology, and pathology are awaiting the worker interested

in this field. The purely scientific, as well as the practical,

aspects of this field should stimulate research, which will require

a small army of workers in order that rapid progress be made.

It is of great importance that vitamine preparations should

become available for the practicing physician for the treatment

of deficiency diseases. It is quite possible that a number of

indefinite complaints and symptoms of adults and infants may
be due to a partially deficient diet and would be benefited by
the administration of vitamines. It is not always necessary
that the full picture of a deficiency disease make its appearance.
Such vague symptoms as loss of appetite and general weakness

might very well, in some instances, be due to a deficient diet.

In passing, it should also be stated that the scientific and practi-

cal problems of stock-raising will probably be very greatly bene-

fited by researches on the effect of vitamines on the growth of

animals and the composition and nutritive value of cows' milk.

Efforts should be made to make use of certain industrial wastes

rich in vitamines, such as brewers' yeast, rice polishings, etc.

If certain reports are correct, Germany at the present time is

fully aware of the great nutritive value of brewers' yeast, inas-

much as this raw product is now used in that country for human
nutrition..

In conclusion I should like to emphasize an old truth quoted

by Langworthy, to the effect that "Each country .and each

epoch has its own food problems." It is up to us to solve them.
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